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FOREWORD 


Tills  report  describes  the  research  that  was  conducted  on  beef  steaks 
heat  treated  at  several  temperatures  and  tines.  The  objectives  of  this 
study  were  to  determine  the  time  -  temperature  relationship  for  enzvne 
inactivation  as  determined  bv  chanp.es  in  non-prutein  nitrogen  (HP!!)  in 
storage  and  to  evaluate  the  organoleptic  quality  of  the  steaks  as 
affected  by  the  different  heat  treatments. 

Beef  steaks  cooked  at  55°C  for  6  hours  and  f/'°C  for  3  hours  were  rated 
unacceptable  due  to  off-flavors  and  textural  degradation.  A  temoerature 
of  71°  to  76°C  appears  essential  for  enzyme  inactivation  as  shorn  in  H'HT 
values  and  technological  data. 

The  work  covered  by  this  report  ua>:  performed  under  project  TT7A2724AP99 , 
Food  Technology,  Technical  Area,  AH99b,  Radiation  Preservation  of  Food. 

The.  study  was  accomplished  by  the  Irradiated  Food  Products  Croup,  Radiation 
Preservation  of  Food  Division,  Food  Engineering  Laboratory. 
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INTRODUCTION 


The  development  of  a  fresh  or  fresh-like  irradiated  meat  product  that 
can  be  stored  unrefrigerated  has  long  been  a  goal  of  the  irradiated  meats 
program.  Enzymes  responsible  for  the  deterioration  of  the  meat  on  stor¬ 
age  were  studied,  to  provide  information  for  accomplishing  this  goal. 

These  enzymes  were  identified  as  the  proteolytic  enzymes  by  Doty  and 
Wachter  (1955).  This  enzyme  activity  caused  increases  "In  the  non-protein 
nitrogenous  constituents  of  the  meat  and  resulted  in  the  develonment  of 
off-flavors  and  a  degradation  of  its  texture. 

Early  works  showed  that  irradiation  at  sterilizing  doses  alone  did 
not  inactivate  all  the  proteolytic  enzymes  in  meat,  (Doty  and  Wachter,  1D55). 
Doty  found  little  reduction  in  the  activity  of  proteolytic  enzymes  in  beef 
muscle  irradiated  at  5x10"*  rep.  At  a  higher  irradiation  dose  of  l.AxlO^ 
rep  there  was  a  reduction  of  approximately  50  percent  in  the  proteinase 
activity  in  the  beef  muscle. 

Early  experiments  to  develop  a  non-thernal  method  for  inactivating 
proteolytic  enzymes  were  not  successful.  Ultrasonic  vibrations  were  found 
ineffective  (Landraann,  1953).  Altering  the  chemical  structures  of  the 
neats  by  addition  of  chemicals  and  changing  the  pH  were  also  unsuccess¬ 
ful.  Presently,  the  only  reliable  method  found  for  inactivating  proteo¬ 
lytic  enzymes  is  by  heat. 

Pearson  (1959)  found  beef  heated  co  77°C  internal  temperature,  before 
irradiation,  was  more  acceptable  after  3  and  fi  months  storage  than  beef 
heated  to  lower  internal  temperatures.  Chiambalero  et.al.  (1959)  deter- 
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mined  a  time- temperature  relationship  for  heat  inactivation  of  protelnases 
in  beef;  he  found  proteolytic  enzymes  in  beef  inactivated  at  Internal 
temperatures  of  60°C,  when  heated  for  23  minutes;  66°C,  when  heated  for  6 
minutes;  71°C,  when  heated  for  1.5  minutes  and  77°C,  when  heated  for  17 
seconds.  However,  Landmann  (1961)  reported  the  proteolytic  activity  in 
beef  cannot  be  completely  destroyed  unless  a  temperature  of  60°C  is  held 
for  1  hour  or  longer.  Artar  (1960)  also  reported  that  beef  should  be  heated 
to  71°C  or  77°C  internal  temperature  before  irradiation  to  avoid  any 
significant  increases  in  the  non-protein  nitrogenous  constituents  in  the 
beef.  This  is  in  agreement  with  the  works  of  Cain  (1955)  and  brake  (1^57), 
who  reported  irradiated  beef,  pre-cooked  to  71°C,  did  not  undergo  degra- 
dative  changes  during  storage. 

More  recent  investigation,  using  C— 14  labeled  hemoglobin  as  the  sub¬ 
strate  (Roth  et.ai. .  1971)  has  shown  that  gamma  irradiation  alone  destroys 
up  to  75?'  of  the  proteolytic  enzyr.ics  using  4  to  6  Mrad  and  the  heat  treat¬ 
ment  (blanching)  was  more  effective  in  this  respect,  especially  when  carried 
out  at  70°C.  A  combination  of  irradiation  (4.5  to  5.2  Mrad)  plus  blanching 
at  65  to  70°C  destroys  at  least  957  cf  the  proteolytic  activity  in  beef 
(Losty  et.ai. .  1973). 

Previoua  research  has  not  conclusively  determined  the  time  and  tem¬ 
perature  relationship  for  inactivating  proteolytic  enzymes  in  boet.  Onlv 
one  paper  reports  the  effects  of  irradiation  on  the  sensory  characteristics 
of  beef  pre-cooked  at  the  different  temperatures  and  time  intervals.  Artar 
(1961)  found  that  beef  cooked  to  77°C  before  irradiation  had  less  irradiation 
flavor  and  was  more  acceptable  than  beef  pre-cooked  to  lower  internal  temper' 
atures. 
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The  data  available  on  the  inactivation  on  enzymes  in  beef  indicate 
a  possibility  of  lowering  the  temperature  required  to  inhibit  the  activity 
of  the  proteolytic  enzymes.  If  this  is  so,  the  production  of  a  fresh-] the 
neat  product  can  be  achieved,  since  60°C  is  below  the  temperature  for 
denaturing  meat  pigment  protein,  myoglobin.  Powever,  the  heating  time 
of  60°C  will  have  to  be  determined  for  controlling  the  proteolytic  activity 
to  the  desired  level. 

To  determine  the  feasibility  of  producing  irradiated  beef,  enzvne 
inactivated  at  lower  internal  temperatures,  several  experiments  were  per¬ 
formed.  The  objectives  of  these  experiments  were  to  determine  differences 
in  the  sensory  characteristics  and  changes  in  the  non-protein  nitrogenous 
constituents  of  the  irradiated  beef. 

MATERIALS  AMD  METHODS 
Loin  Steaks 

U.  S.  Choice  beef  loins,  the  Lonpissinns  dorsi  muscle,  were  sliced 
into  13  mm  steaks  weighing  110-120  grams  each.  The  steaks  were  packaged 
in  flexible  pouches  and  immersed  into  a  controlled  temperature  water  bath. 
Fifteen  to  seventeen  minutes  were  required  before  the  internal  temnerature 
of  tkj  steaks  were  within  1-2°C  of  the  tempt,  ature  of  the  water  bath.  The 
steaks  were  cooked  at  the  follov’ing  temperatures  and  held  for  the  specified 
time  intervals  after  the  desired  internal  temperatures  were  reached: 

55°C:  30,  60,  120,  and  360  minutes 
60°C:  jQ,  60,  120,  and  100  minutes 
66°C:  10,  30,  and  60  minutes 
71°C:  1,  10,  and  30  minutes 

77°C:  1  minute 
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After  cooking,  the  pouches  were  placed  in  an  ice-water  bath  to  cool 
the  samples.  The  steaks  were  removed  from  the  pouches  and  hermetically 
sealed  at  16.6  k  Fa  of  pressure  in  metal  containers.  These  samples  were 
irradiated  to  a  total  dose  of  4.5  -  5.6  aegarads  at  a  controlled  temper¬ 
ature  of  -40°C  +  10°C. 

Round  Steak 

U.  S.  Choice  top  rounds,  Semimembranosus  muscle,  were  sliced  into  13 
mm  steaks  (110-120  grams)  and  packaged  into  flexible  pouches.  The  pouches 
were  placed  in  a  controlled  temperature  bath  and  held  at  the  following 
temperatures  for  the  specified  times  after  the  desired  internal  temperatures 
were  reached: 

60°C:  130,  240,  300,  and  360  minutes 

66°C:  10,  20,  30,  and  60  minutes 

71°C:  5,  10,  and  15  minutes 

77°C:  1  minute 

After  cooking  at  each  specific  time  interval,  the  pouches  containing  the 
steaks  were  immersed  in  an  ice  water  bath  for  rapid  cooling.  The  steaks 
were  removed  from  the  pouches  and  hermetically  sealed  at  16.6  k  Pa  of 
pressure  in  metal  containers.  The  samples  were  irradiated  to  a  total  dose 
of  4.5  to  5.6  megarads  and  at  a  controlled  temperature  of  -180°C  +  10°C. 

This  cryogenic  temperature  was  utilized  in  an  attempt  to  minimize  irra¬ 
diation  effects. 

Top  Round  Steaks  -  Salt  Added 

U.S.  Choice  top  rounds,  Semimembranosus  muscle,  were  pumped  under 
pressure  with  a  107!  salt  solution  to  107!  added  weight  and  allowed  to 
soak  in  the  solution  for  24  hours  at  5°C.  The  top  rounds  were  sliced  into 
13  mm  steaks  (110-120  grams)  and  packaged  in  pouches.  The  pouches  were 
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heated  in  a  controlled  water  bath  at  the  following  temperature  and  for  the 
specified  times  after  the  desired  internal  temperatures  were  reached: 

66°C:  10,  20,  30,  and  60  minutes 
71°C:  5,  10,  and  15  minutes 

After  heating,  these  samples  were  treated  in  the  same  manner  as  the  top 
round  steaks  without  the  salt  added. 

Irradiation 

All  samples  were  irradiated  in  a  Cobalt-60  source  to  a  total  dose  of 
4.5  to  5.6  megarads.  Temperatures  during  irradiation  were  controlled 
in  a  cryogenic  system  using  nitrogen  either  in  a  gaseous  or  liquid  state. 

The  temperatures  during  irradiation  were  controlled  within  a  range  of  +  10°C 
of  the  required  temperature. 

Technological  Evaluation 

All  samples  were  evaluated  by  trained  technological  panels  consisting 
of  6  to  8  "expert"  panelists  for  sensory  characteristics;  off  odor,  dis¬ 
coloration,  mushiness,  irradiation  flavor,  dryness,  an*-'  off  flavors.  These 
ratings  were  made  on  the  9-point  intensity  scale  of  1  (none)  to  9  (extreme). 
Indications  of  preference  were  rated  on  the  hedonij  scale  of  1  (dislike 
extremely)  to  9  (like  extremely). 

The  results  from  these  evaluations  were  analyser1  statistically  for 
multiple  range  test  and  analysis  of  variance.  Significance  was  determined 
at  the  95  percent  confidence  level. 

Chemical  Analysis 

The  samples  were  subjected  to  chemical  analysis  in  accordance  with 
standard  AOAC  procedures  to  determine  the  changes  in  the  non-protein 
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(NPIT\ 

N  )  x  100 

was  used  as  a  guide  to  determine  the  amount  of  degradation  in  the  product 
during  storage.  The  determination  of  the  non-protein  nitrogen  is  based 
on  the  amount  of  organic  nitrogen  contained  in  an  aliquot  of  a  trichlora¬ 
cetic  acid  filtrate.  All  samples  were  run  in  duplicate. 

RESULTS  AND  DISCUSSION 
Loin  Steaks 

l 4 

The  irradiated  choice  loin  steaks  were  stored  at  21°C  and  evaluated 
at  1  week  and  3  months  by  technological  panels.  Intensity  ratings  for  the 
characteristics  of  mushiness  and  off-flavor  for  all  samples  range  from 
a  trace  (2)  to  slight  (3)  at  the  one  week  of  storage.  (Table  1).  At  three 
months  storage  samples  cooked  at  55°C  were  deteriorated  to  the  extent  that 
they  were  not  suitable  for  organoleptic  testing.  The  intensity  ratings 
for  mushiness  and  off-flavor  of  the  samples  irradiated  at  60°C  increased 
to  a  range  of  below  moderate  (4)  to  moderate  (5).  Whereas  the  irradiated 
samples  cooked  at  66°C  and  71°C  showed  no  increase  in  the  intensity  ratings 
of  off-flavor  during  3  months  storage,  they  did  show  an  increase  in  the 
intensity  ratings  for  mushiness. 

Preference  ratings  of  all  the  samples  tere  in  the  acceptable  range  at 

o 

one  week  storage.  At  3  months  storage,  thf  60  C  irradiated  samples  were 
rated  unacceptable.  Evaluation  of  the  data  indicate  that  the  steaks  must 
be  cooked  at  66°C  or  above  to  reduce  the  oi f-f lavor  formation  and  the  de¬ 
gradation  of  texture  on  storage.  Cooking  £t  55°C  for  360  minutes  and  60°C 
for  ldO  minutes  was  not  sufficient  and  increases  in  the  mushiness  and  off- 
flavor  intensities  were  detected  which  resulted  in  unacceptable  products. 
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The  chemical  analyses  for  non-protein  nitrogen  were  performed  after 
one  year  of  storage  at  21°C.  Table  2  shows  that  the  NPN  values  increased 
after  3  months  of  storage;  storage  up  to  one  year  resulted  in  only  small 
increases  of  NPN  except  for  the  irradiated  samples  cooked  at  55°C  for 
30  minutes. 

The  results  show  that  a  cooking  temperature  of  66°C  for  60  minutes 
or  71°C  for  1  minute  is  necessary  to  inhibit  the  increase  of  NPN  in  beef 
during  storage.  At  66°C  for  30  minutes,  increased  NPN  values  were  found, 
but  not  as  high  as  those  of  the  other  irradiated  samples. 

Round  Steaks 

The  U.  S.  Choice  round  irradiated  steaks  were  evaluated  by  technolog¬ 
ical  panels  at  1  week,  3  months  and  6  months  of  storage  at  21°C.  The  results 
on  Table  3  show  the  steaks  cooked  at  60°C  were  rated  significantly  higher 
in  the  intensity  scores  for  off-odor,  mushiness,  and  irradiation  flavor. 
Preference  ratings  for  the  irradiated  steaks  cooked  at  60°C  were  in  the 
acceptable  range,  with  the  exception  of  the  60°C  -  360  minutes  sample, 
but  were  found  significantly  lower  than  other  irradiated  samples. 

The  data  for  the  sensory  characteristics  of  the  irradiated  steaks  show 
that  cooking  at  60°C  for  periods  up  to  6  hours  reduced  the  changes  in  the 
mushiness  and  off-flavor  intensities.  This  reduction  in  mushiness  and 
off-flavor  intensity  ratings  indicated  that  the  heat  treatments  were 
sufficient  to  decrease  the  enzymatic  activity  in  the  beef  to  a  level  where 
the  degradation  attributed  to  enzymes  was  not  noticeable  during  6  months  of 
storage. 

Results  of  the  technological  evaluation  of  beef  steaks  heated  at  66°C 
for  lh,  20,  30,  and  60  minutes  are  listed  in  Table  4.  Intensity  ratings 
for  mushiness  show  that  steaks  cooked  for  10,  20,  and  30  minutes  had 
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significantly  higher  ratings  than  the  non-irradiated  control.  Steak.3  cooked 
for  60  minutes  were  not  significantly  different  from  the  control.  No 
significant  differences  were  found  between  the  intensity  ratings  for  the 
other  sensory  characteristics.  All  samples  were  rated  in  the  acceptable 
range  of  5.0  or  above. 

Sensory  data  and  preference  ratings  for  steaks  cooked  at  71°C  for 
5,  10,  and  15  minutes  are  shown  in  Table  5.  No  significant  differences 
were  found  among  the  sensory  characteristics  for  all  samples.  Mushiness 
and  off-flavor  scores  were  in  the  range  of  1  (none)  to  2  (trace)  indicating 
that  enzymatic  activity  was  not  detected.  Preference  ratings  were  in  the 
acceptable  range  and  no  significant  differences  were  found. 

The  chemical  analysis  for  the  irradiated  steaks  stored  at  21°C  and  33°C 
are  shown  on  Table  6.  The  irradiated  samples,  cooked  at  71°  and  77°C, 

66°C  for  30  and  60  minutes,  and  at  60°C  for  300  and  360  minutes  showed  no 
increase  in  NPN  at  6  months  storage  at  21°C.  The  MPM  values  for  samples  cooked 
at  60°C  for  180  minutes  and  240  minutes,  and  66°C  for  10  and  20  minutes, 
increased  only  slightly  at  6  months  storage.  At  38°C  storage,  only  the 
71°C  and  77°C  cooked  samples  showed  no  increase  in  NPN  values  after  3  months. 
The  increases  in  non-protein  nitrogen  \alues  for  the  beef  steaks  cooked  at 
60°C  and  66°C  indicates  that  enzymes  are  not  destroyed  by  the  heat  treatments 
and  the  enzymatic  breakdown  of  the  nit-ogenaus  components  of  the  meat  is 
responsible  for  this  increase  in  NPN. 

These  results  on  the  time-tempera  ire  relationship  of  heat  inactivation 
of  enzymes  indicated  that  for  storage  u>  to  six  months,  a  heat  treatment 
of  60°C  for  300  minutes,  66°C  for  30  ri.iutes,  or  71°C  for  5  minutes  is 
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necessary  for  inhibition  of  the  proteolytic  enzymes.  However,  these  treat- 
ments  may  not  be  sufficient  to  destroy  all  the  enzymes  in  beef  as  indicated 
by  results  from  the  38°C  storage.  Only  samples  heated  to  71°C  for  10  and 
15  minutes  and  77°C  for  1  minute  did  not  show  any  increase  in  NPN  values 
at  38°C  for  3  months.  Losty  et.al.  (1973)  using  a  hemoglobin  substrate 
analysis  reported  that  a  combination  of  heat  (60-70°C)  and  irradiation 
(4. 5-5. 7  Mrads)  may  be  expected  to  destroy  at  least  057  of  the  proteolytic 
activity  in  beef. 

Top  Round  -  Salt  Added 

Present  procedures  for  preparation  of  beef  steaks  calls  for  pumping  of 
the  meat  with  various  salt  solutions  prior  to  slicing  into  steak  form. 

To  determine  the  effects,  if  any,  of  the  salt  (sodium  chloride)  on  the 
proteolytic  activity  of  beef,  U.S.  Choice  rounds  were  pumped  with  a  107 
solution  of  NaCl.  Salt  concentration  after  pumping  was  approximately  17. 
There  were  no  significant  differences  in  the  sensory  characteristics  of  the 
samples  of  beef  steaks  which  had  been  pumped  with  the  salt  solution.  (Tables 
7  and  8).  The  ratings  were  in  a  range  of  1  (none)  to  3  (slight)  intensity 
for  all  characteristics.  Preference  scores  for  the  samples  were  all  in 
the  acceptable  range  and  differences  in  the  ratings  were  not  statistically 
significant. 

The  NPN  values  for  the  irradiated  samples  (Table  9)  were  lower  initially 
than  for  f  non-salted  samples  (Table  6).  Apparently,  some  of  the  initial 

NPN,  nati  y  present  in  meat  (7  to  9%  of  the  total  N)  has  been  washed  out 


by  perfusion  during  the  pumping  of  the  raw  beef  with  107  NaCl  solution  to 
the  107  weight  increase,  the  fact  known  to  meat  specialists.  At  6  months 
storage  at  70°C,  all  samples  were  found  approximately  the  sane  in  NPN  values 


except  the  steaks  cooked  at  66°C  for  10  minutes.  The  salted  samples 
cooked  at  66°C  for  10  and  20  minutes  had  lower  NPM  values  at  6  months  storage 
than  steaks  without  the  salt  treatment  cooked  for  the  same  times  and  tem¬ 
peratures. 

The  addition  of  salt  to  the  steaks  did  not  result  in  any  noticeable 
improvements  in  the  sensory  characteristics  of  the  irradiated  steak  when 
compared  with  ratings  for  non-salted  steaks.  The  effect  of  Nafl  addition 
on  NPN  values  was  also  small.  More  work  will  be  required  to  determine  if 
salt  additions  will  significantly  reduce  the  temperature  and  time  required 
for  inhibiting  the  changes  in  non-protein  nitrogenous  contents  of  irradiated 
beef  steaks.  Also,  the  effect  of  salt  in  combination  with  Ka-tripolyphosphate 
on  the  inactivation  of  proteolytic  enzynes  in  neats  should  be  investigated. 
SUMMARY 

Cooking  beef  steaks  at  5e>°C  for  up  to  6  hours  prior  to  irradiation 
was  not  adequate  to  inhibit  proteolytic  enzyme  activity  as  evidenced  by 
changes  in  sensory  characteristics  and  bv  increases  in  non-oiotein  nitrogen 
during  storage.  At  60°C,  ISO  minutes  were  not  sufficient  to  reduce  the 
changes  in  flavor  and  texture  caused  by  enzymatic  activity. 

To  produce  an  irradiated  beef  steak  in  which  non-protein  nitrogen  did 
not  increase  during  storage  at  21°C,  pre-irradiation  heat  treatments  re¬ 
quired  were  5  hours  at  60°C,  30  minutes  at  56°C,  or  10  minutes  at  71°C.  At 
33°C  storage  only  samples  heated  to  71°C  for  10  minutes  or  77°C  for  1  minute 
showed  no  changes  in  NPM  during  3  months  of  storage. 
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